We have determined the column densities of UV absorption lines in 4 Gamma Ray Burst (GRB) optical transients, using the curve of growth analysis. From a direct comparison with the column densities of the same elements observed in damped Lyman-α (DLA) systems along QSO sight lines, we unambiguously find that 3 GRB-DLAs are characterized by much higher column densities of ZnII with respect to QSO-DLAs. The relative abundances of [Fe/Zn] Once the dust-to-metals ratios are determined in 3 GRBs, we find A V = 0.6, 0.9 and 1.1 mags, to be compared with typical A V ∼ < 0.1 in QSO-DLAs. All our findings support the idea that QSOs (fainter than GRBs) can only probe low gas/dust regions of high redshift galaxies, while GRBs can be seen through denser regions (molecular clouds and star forming regions) of high redshift galaxies. Therefore GRB-DLAs and QSODLAs together provide a more complete picture of the global properties of the interstellar medium in high redshift galaxies.
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Introduction
Gamma Ray Bursts (GRBs) are the most catastrophic events in the Universe. Their brightness is so high (10 51 − 10 54 ergs are emitted in a few seconds) that they can be seen at the highest redshifts. However since the decline in their energy emission is very fast, the investigation and understanding of their physical nature is still very complicated (Piran, 2001) . The redshift of the afterglow or host galaxy has been measured for only 22 cases (see http://www.aip.de/∼jcg/grbgen.html for the complete list of GRB redshifts). Only seven of these objects have been targeted quickly enough by ground based telescopes to get low resolution spectra of the optical transient (OT) , and all show a common peculiarity: very strong UV absorption lines of low ionization species (Fiore 2001 , Fynbo et al. 2001b . This is similar to what is seen in damped Lyman-α systems (DLAs) associated with intervening galaxy clouds along QSO sight lines. GRB-DLAs are certainly an unexplored and important source of information on the GRB environment and on the interstellar medium of the host galaxy. Here we explore in more detail their properties and compare them with those of QSO-DLAs. We interpret strong differences as the result of the difference in the background sources. Since GRBs are brighter than QSOs, they can be observed even if their sight lines cross very dense and dusty regions as molecular clouds, where gas absorption is very severe. On the other hand QSO sight lines are easier to detect when intersecting dust freer interstellar clouds. The bias in QSO-DLAs has been already suggested in the past (see for instance Fall & Pei, 1993; Boissé et al., 1998; Savaglio, 2000) .
For this comparison, we investigate the absorption lines and heavy element abundances of four of the seven GRBs with UV rest frame spectra, namely, GRB990123 (z = 1.601, Kulkarni et al., 1999) , GRB990510 (z = 1.619, Vreeswijk et al., 2001 ) GRB010222 (z = 1.475, Masetti et al., 2001; Jha et al., 2001; Salamanca et al., 2001 ) and GRB000926 (z = 2.0379, Castro et al., 2001) . We excluded GRB970508 (z = 0.835, Metzger et al., 1997) , GRB000301C (z = 2.04, Jensen et al., 2001 ) and GRB990712 (z = 0.4331, Vreeswijk et al., 2001 ) for poor quality of the spectra and therefore lack of interesting features.
GRB column density determination
Similarly to QSO-DLAs, GRB OTs show strong FeII, MgII, and SiII absorptions, together with relatively weak ZnII and CrII. Table 1 lists rest frame equivalent widths W r of absorption lines in the four GRBs used in the present analysis. Oscillator strengths f λ of lines are also reported, as listed in the recent compilation by Prochaska et al. (2001) . Large W r of all these species indicate that either the medium is poorly ionized, and/or that it is extremely dense. From the equivalent widths (EWs), we derive column densities and directly compare the results with typical column densities in QSO-DLAs. Comparing column densities instead of metallicities [X/H] has the advantage that the HI column density (known only in GRB000926 with large uncertainty, Fynbo et al., 2001b) is not required. Moreover, it is not necessary to make any assumptions about the dust depletion, cosmic abundance or ionization level of the considered element, but still gives the possibility to consistently evaluate the difference with QSO-DLAs.
A direct comparison is complicated by the fact that normally QSO-DLAs are observed at high spectral resolution (FWHM ∼ 10 km s −1 ) in a large wavelength range (thanks to echelle spectroscopy), allowing a good determination of column densities of many ions, even in cases where saturated or weak lines are detected (see for instance Lu et al., 1996; Pettini et al., 1997; Prochaska & Wolfe, 1999) . On the other hand, the typical resolution of GRB optical spectra is > 100 km s −1 (FWHM). Moreover, the majority of absorption lines are saturated, therefore it is not possible to use the linear part of the curve of growth to determine column densities. However, the detections are numerous and so, even if the uncertainty may be large, it is possible to make an abundance analysis using the general curve of growth analysis (Spitzer, 1978) . Since the typical spectral resolution of GRB spectra does not allow the separation of the different components of a complex structure, due to the many clouds along the line of sight, in our analysis we adopt a large "effective" Doppler parameters, being the results of the composition of many narrow absorption lines. As a comparison, we notice that typical velocities in QSO-DLAs ranges ∼ 100 km s −1 , or more. This technique was used for QSO-DLA studies at a period when high resolution spectroscopy of QSOs was not possible (see for instance Turnshek et al., 1989) because this is valid even if the absorption is characterized by a complex structure, not resolved by the poor resolution (Joseph & Jenkins, 1991) . A difficulty arises when the absorption comprises many very narrow and saturated lines. In this case, column densities are underestimated, especially for the most saturated profiles. Therefore our column density estimations can be considered, if anything, lower limits rather than upper limits.
The column density best fit is determined by using simultaneously different EWs of various ions and choosing the curve of growth with an effective Doppler parameter that minimizes the χ 2 . Once the best effective Doppler parameter is determined, the error on the column density for each ion is determined by varying log N for which χ 2 /dof ∼ < 1. In sections 2.1-2.5, we discuss column density measurements in each individual GRB. Fig. 1 shows the measured W r /λ and the column densities of ions as given by the best fit, together with the best fit curve of growth. Estimated column densities are given in Table 2 .
GRB990123
The OT of GRB990123 at z = 1.6004 was observed with the Keck/LRIS (Kulkarni et al., 1999) for a final resolution and signal-to-noise ratio of FWHM = 11.6Å (400 − 700 km s −1 ) and S/N ∼ 30, respectively. The very weak FeII2260 EW gives inconsistent results with other FeII lines, and thus this detection has not been considered in our analysis. FeII2374 is not reliable because it is probably partly blended with the FeII2382 line.
For the four remaining FeII lines, we get a best fit of log N F eII = 14.78
−0.10 and b = 50 km s −1 . From the EW of ZnII2026 and considering b = 50 km s −1 , we derive a ZnII column density of log N ZnII ∼ 13.99, and calculate a ZnII2062 contribution to the ZnII2062+CrII2062 blend (observed EW W r = 0.48 ± 0.04Å) of W r = 0.58Å. This means that the contribution of the CrII2062 line to the blend is negligible or non existing. Therefore we recalculate the ZnII column density from the ZnII2026 and ZnII2062 doublet, from which we derive log N ZnII = 13.95
GRB990510
The OT of GRB990510 at z = 1.619 was observed with the VLT/FORS1 ) at low spectral resolution (FWHM ∼ 1500 km s −1 or FWHM ∼ 30Å) and good S/N ratio (S/N = 40 − 100). For iron we have used the FeII transitions at 2344Å and 2600Å, as the FeII2382 detection has only a 1.7σ significance. Using b = 35 km s −1 , we get log N F eII = 14.35
−0.30 . The only other interesting detection is the ZnII2062+CrII2062 blend. However considering the observed EW, the stronger CrII2056 and ZnII2026 lines are expected to be detectable, which are not. So the ZnII2062+CrII2062 identification is uncertain,, as suggested by Vreeswijk et al. (2001) , and we exclude it from our analysis.
GRB000926
GRB000926 at z = 2.0379 was observed with the Kech/ESI echelle spectrograph (Castro et al., 2001) , with a good signal-to-noise ratio (S/N = 10−20) and relatively high resolution (FWHM ∼ 80 km s −1 ). Castro et al. (2001) also show a low resolution spectrum, with EW measurements that are systematically larger than those obtained from the high resolution spectrum, but the authors claim that the high resolution measurements are more accurate, so we only use them. The spectrum shows at least two absorbing clouds separated by 168 km s −1 . In our analysis we consider the total equivalent widths of the two components together, since the resolution does not allow them to be clearly separated. This means that the effective Doppler parameter may be very large.
The observed SiII1808 and SiII1526 lines and the 5 detected FeII lines give a silicon column density of log N SiII = 16.47 −0.05 from the CrII2056 EW. This corresponds to W r = 0.5 − 0.6Å and W r = 0.35 − 0.43Å for CrII2062 and CrII2066, respectively. Neither of these measurements is consistent with those observed (W r (CrII2062) < 0.28Å and W r (CrII2066) < 0.2Å); this might indicate a contamination of the CrII2056 line by an unidentified absorption associated with an intervening metal system. The lack of FeII2586 detection is puzzling. If, for instance, we assume W r (F eII2586) < 1Å (way above the detection limit in the spectrum), the line is almost unsaturated, and log N F eII < 14.6 for b > 70 km s −1 , inconsistent with what is found from the other FeII lines. The zinc column density is determined from ZnII2026: log N ZnII = 13.82 ± 0.05 for b = 115 km s −1 . The CrII2062+ZnII2062 EW looks inconsistently lower than expected. This is probably due to noise spikes in the spectrum (see Fig. 3 of Castro et al., 2001 ).
GRB010222
The OT of GRB010222 at z = 1.475 was observed with the FLWO 1.5m telescope (Jha et al., 2001 ; FWHM = 6Å or 300 − 450 km s −1 , S/N ≃ 10) with the 3.58m TNG (Masetti et al., 2001 ; FWHM = 4.8Å or 200 − 400 km s −1 , S/N = 10 − 20) and with the 4.2m WHT (Salamanca et al., 2001 ; FWHM = 3.3 − 5.8Å or ∼ 300 km s −1 , S/N ≃ 10). To obtain a better estimate of column densities, we combined the EWs of the same lines from different observations weighted according to the errors. We well constrain the effective Doppler parameter to b = 70 km s −1 , using the SiII1526 and SiII1808 lines, and six FeII lines. We get log N SiII = 16.10 The CrII2056 EW is very low, therefore it must be weakly or not at all saturated, from which we get log N CrII = 13.80 Table 2 reports the column densities in GRB-DLAs, while Fig. 2 displays the QSO-DLA column density distribution of FeII, CrII, ZnII and SiII. In the same panels, marked by arrows, are the column densities measured for the 4 GRBs. The QSO-DLA heavy element column densities are obtained from the largest compilation of QSO-DLAs, containing information on heavy elements in 86 objects. Fig. 2 shows an evident difference between QSO-DLAs and GRB-DLAs. The zinc column density in GRB-DLAs shows the most striking difference, being much larger than in QSO-DLAs. For silicon and chromium the deviation is also very large. Iron behaves differently, being quite consistent with the upper part of FeII in the QSO-DLA distribution.
Heavy element abundances in the GRB-DLAs
If the gas is highly neutral, as suggested by the large EWs of the low ionization lines, the ionization correction can be neglected and it is possible to calculate the element relative abundance from ions with ionization potential above 13.6 eV ( Table 3 ). The very low [Fe/Zn] values in three GRB-DLAs (= −2.03, −1.08 and −1.46) are much smaller than in QSODLAs: [Fe/Zn] DLA = −0.50 ± 0.28 in 32 objects. This is an indication of strong dust content in the GRB environment and/or in the ISM of the host galaxy, because while iron is heavily locked in the interstellar medium of galaxies, zinc is marginally depleted only in the densest clouds (Savage & Sembach, 1996) . What is also very interesting is the plot of [X/Zn] abundances as a function of the ZnII column density (Fig. 3) . In QSO-DLAs these show a trend, the [X/Zn] being smaller for larger log N ZnII . This can be explained naturally because denser clouds have higher dust content. The [X/Zn] values for GRBs are located right at the extension of the [X/Zn] vs. log N ZnII distribution in QSO-DLAs. This may indicate that the small [X/Zn] values found in GRBs may be a general property of high metal column density systems rather than a peculiarity of GRBs themselves. The difference with QSOs is that GRBs are generally brighter and then detectable even in case of heavy dust obscuration. In other words, this might indicate that QSO-DLAs and GRB-DLAs might probe the same population of galaxies, but different regions: the sight lines of the former cross less dense regions, while the sight lines of the latter are typically denser regions such as molecular clouds in star forming environment.
There are indications that HI in GRBs is larger than in a typical QSO-DLA. In 81 QSODLAs with log N HI ≥ 20.0, only 17% have log N HI > 21.0. The HI column density has been estimated in GRB000301C (Jensen et al., 2001) , who report N HI = 1.5
21 atoms cm −2 . GRB000926 has also been observed with the Nordic Optical Telescope (Fynbo et al., 2001b) and a very strong Lyα absorption line identified, with column density ∼ 2×10 21 atoms cm −2 . This is in a very noisy part of the spectrum, but if we assume that this HI column density is close to the correct value and neglect ionization correction, we derive Since 4 elements are measured in GRB000926, it is possible to derive its dust depletion pattern. We adopt the method described in Savaglio (2000) . Basically, we consider the 4 depletion patterns observed in the Milky Way, e.g. warm halo, warm halo disk, warm disk and cool disk clouds (Savage & Sembach, 1996) . For each depletion pattern, we find the best fit values for the dust-to-metals ratio (k GRB /k j , where j depends on the depletion pattern assumed) and the metallicity compared to solar Z GRB /Z ⊙ . The result for GRB000926 is shown in Fig. 4 . The bet fit is given by the warm halo cloud pattern, with Z GRB /Z ⊙ = 0.78 and dust-to-metals ratio of k GRB /k W H = 1.07 at z = 2.038. This is quite higher than what seen in QSO-DLAs: < Z QSO /Z ⊙ >= 0.13 in 21 DLAs at 1.7 < z < 2.3, while the dust-to-metals ratio is k DLA /k W H ≃ 0.90 (Savaglio, 2000) .
It is now possible to evaluate the obscuration of the GRB due to dust distributed along its line of sight. This is proportional to the column density of metals. The reddening in the optical A V , due to dust, can be described by:
where 0.54 is the optical extinction in magnitudes in the solar neighborhood for a column density of gas with log N HI = 21.0. For GRB000926, we get A V = 0.9 mag, corresponding to an extinction at the Lyα of 2.9 and 5.2 mags, for a Milky Way or Small Magellanic Cloud extinction law, respectively. This is much smaller than in QSO-DLAs, where extinction at the Lyα is always lower than 1 mag (Savaglio 2000) .
The depletion pattern and reddening can also be calculated for GRB990123 and GRB010222, because this depends on the product of metallicity and HI column density, that is the column density of metals. We consider the ZnII column density. Best fits give for these two GRBs a warm halo cloud depletion pattern (Fig. 5) , and the dust reddening in the V of A V = 1.1 and 0.6 mags for GRB990123 and GRB010222, respectively. This corresponds to an extinction at the Ly-α of A Lyα = 3.4, 6.2 mags for GRB990123, and A Lyα = 1.9, 3.5 mags for GRB010222, for MW and SMC extinction laws, respectively.
Discussion
The equivalent widths of heavy element absorption lines in GRBs show that these are generally saturated, therefore the linear part of the curve of growth cannot be used, even for the weakest lines. In our analysis we use the general curve of growth to study the heavy element absorption lines associated with 4 GRBs. These are GRB990123, GRB990510, GRB000926 and GRB010222, the only GRBs with available UV spectra obtained so far, with quality good, enough to detect high S/N absorption lines. Three of these GRBs show very high ZnII absorption, from which we derived a mean column density of < log N ZnII >= 13.8 at < z >= 1.70. This is ∼ 3 times larger than the largest ZnII column density detected so far in QSO-DLAs.
As the gas column density is so high, the dust reddening can be very important. A good indicator of dust content is given by the [Fe/Zn] values; these are measured for 3 GRBs and are much smaller than what seen in QSO-DLAs: <[Fe/Zn]>= −1.61 in the former, while <[Fe/Zn]>= −0.50 in the latter. Unless it is assumed that the difference is due to different nuclear production of Fe and Zn, this large discrepancy indicates a large dust depletion; in two GRBs this can be reproduced by a typical depletion pattern of warm disk clouds of the MW, while in a third, observations better indicate a warm halo cloud pattern (Savage & Sembach, 1996) . These strong differences between QSO-DLAs and GRB-DLAs do not necessary indicate a difference in the nature of the host galaxies.
Indeed, the distribution of the zinc relative abundances as a function of ZnII column density in GRB-DLAs and QSO-DLAs is consistent for these two classes of objects: [Fe/Zn], [Cr/Zn] and [Si/Zn] decrease as a function of log N ZnII both for QSO-DLAs and GRB-DLAs, the former and the latter class of objects are located in the upper left part and in the lower right part of the plot, respectively. These continuities of properties between QSO-DLAs and GRB-DLAs suggests that the galaxies associated with the absorbing gas of GRBs are not any different than those of QSO-DLAs. The main difference between GRBs and QSOs is that the former are much brighter than the latter, so their sight lines can probe much denser and dustier regions of galaxies. Indications of a bias effect in QSO-DLAs due to dust obscuration have been pointed out by several authors in the past (Fall & Pei, 1993; Boissé et al., 1998; Savaglio, 2000) .
In recent works, Jensen et al. (2001) , Fynbo et al. (2001a) and Galama & Wijers (2001) have tried to estimate the dust extinction in GRBs, assuming that the observed GRB spectra are originated by the reddening of a power law intrinsic spectrum. This spectral index rectification gives typically a very small V extinction of A V = 0.09±0.04 and A V = 0.18±0.06 for the two GRBs. Šimon et al. (2001) have found that the color variation during GRB decline in 17 objects is relatively small, suggesting similar and small reddening in these GRBs. However, they also notice that another sample of 5 GRBs (not included in the first one, for lack of complete photometric information) have much redder colors. Fruchter et al. (2001) suggest that the dust extinction in GRB sight lines is probably not important due to grain destruction by GRB heating. This effect can be present up to a distance of ∼ 100 pc. Moreover they also claim that interstellar absorption lines in the afterglow spectrum may be enriched by the GRB heavy element ejection.
In our analysis we find that the combination of large column densities of metals and large dust depletion can lead to large extinction in GRBs. In three GRBs we found optical extinction of A V = 0.6, 0.9 and 1.1 magnitudes. This is much larger than that found for QSO-DLAs: A V ∼ < 0.1. The optical GRB extinction can be turned into an extinction in the UV. If an SMC or MW extinction law is considered, we find 2-6 magnitudes of extinction at the Lyα. A possible way out for a less severe UV extinction is given if a flat extinction law is assumed. This can be reproduced by a dust grain distribution skewed toward large grains (Stratta et al., 2001) . (Savage & Sembach, 1996) . Dustto-metals ratio and χ 2 of the best fit are also given. Noisy region of the spectrum, given only upper limit based on the total EW + 3σ, reported by Castro et al. (2001) . c Salamanca et al. (2001) d Lower error found assuming possible contribution from MgI2026 line e Calculated using the CrII column density as given by CrII2056, see text f Weighted mean from Masetti et al. (2001) , Salamanca et al. (2001), and Jha et al. (2001) g Weighted mean from Masetti et al. (2001) and Jha et al. (2001) h Jha et al. (2001) i Weighted mean from Salamanca et al. (2001) and Jha et al. (2001) Note. -GRB990510 has not been considered because only FeII is measured.
